Background: The objective of this study is to analyze the efficacy of local bupivacaine irrigation after augmentation mammoplasty for the control of postoperative pain. Methods: A systematic review and meta-analysis was conducted including all randomized controlled trials (RCTs) that compared the irrigation of bupivacaine (+ketorolac) versus normal saline or no irrigation for pain control after breast augmentation. The primary outcome was postoperative pain measured by visual analog scale.
Introduction
Breast augmentation is estimated to be one of the most common procedures performed by plastic surgeons. For this reason, multiple studies have been done in order to improve the technique and the postoperative complications and management of these patients. 1 Retropectoral breast augmentation requires dissection beneath the pectoralis major muscle to create a pocket suitable for implant placement. During the dissection, some muscular fibres of the costal and sternal heads of the pectoralis major will be detached, resulting in significant postoperative pain. It is imperative to search for methods that could relieve this pain, especially since augmentation mammoplasty is often performed in an ambulatory setting. An ideal postoperative pain control regimen should provide adequate analgesia while minimizing or eliminating side effects in patients. Narcotic medications usually provide relatively rapid and adequate alleviation of pain. Unfortunately, these medications can also cause a wide array of untoward side effects. 2 Many attempted to reduce narcotics use in the postoperative period using different modalities. Adding celecoxib 3, 4 and methocarbamol 5, 6 to narcotics may reduce the requirement of the latter. Many authors used topical local anesthetics at the surgical field either by continuous infusion, 7 intermittent bolus, sustained release, 8 pain pumps, 9 or indwelling catheters. [10] [11] [12] Topical local anesthetics have been shown to significantly lengthen the pain-free period after surgery. 13 Bupivacaine is a common choice, with a pKa of 8.1, a relatively long half-life of 2.7 hours, and is comparatively inexpensive. Bupivacaine liposome injectable suspension 14 and DepoFoam (Pacira Pharmaceuticals, Inc) bupivacaine tumescent infiltration in addition to bupivacaine injection are some examples of its use. 15, 16 The question arises as to whether there is a role for placing irrigation containing local anesthetics with additional nonsteroidal anti-inflammatory drugs, into the implant pocket. Although this procedure has been used several years ago, its effectiveness has not been proved.
The lack of prior appropriate evidence leads us to assess the effectiveness of irrigating the pocket of breast augmentation with local anesthetics and analgesic drugs. We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) that compared the irrigation of bupivacaine with or without analgesic drugs in comparison to irrigation with normal saline or no irrigation into the retropectoral pocket for postoperative pain relief in patients who underwent augmentation mammoplasty.
Methods
A study protocol for the systematic review was established in advance, prespecifying the review's objectives, inclusion and exclusion criteria, primary and secondary outcomes, and methods of synthesis. The review included all relevant RCTs regardless of publication status, country, date, or language of publication. Participants in the trials were patients who underwent primary breast augmentation by means of an inframammary, periareolar, or transaxillary incision with retropectoral placement of implants. All the studies included in the present meta-analysis stated the retropectoral placement of the implants without mentioning the access. We did not place restrictions on the type of the implants used for augmentation.
The comparisons of interest were the irrigation of the pocket with bupivacaine (with or without analgesic drug) versus normal saline or no irrigation. The irrigation could be performed by means of a pain pump or directly into the pocket before implant insertion. The solution contained saline alone, bupivacaine, or bupivacaine plus ketorolac. The primary outcome was the pain score measured by the visual analog scale (VAS) at different time intervals. 17 
Literature Search and Selection of Studies
The electronic search was conducted in September 2015. Two authors (Y.C.C. and S.S.Q.) independently performed a systematic literature search and reviewed the titles and abstracts of the references retrieved and selected all potentially relevant studies. The systematic literature search was done on electronic databases in the Cochrane Library, including CENTRAL, MEDLINE, EMBASE, and Scielo-which is one of the largest Spanish databases. The search was done using the following strategic terms: ((augmentation AND ("mammaplasty"[MeSH Terms] OR "mammaplasty")) OR (("breast"[MeSH Terms] OR "breast") AND augmentation)) AND ("pain, postoperative"[MeSH Terms] OR ("pain" AND "postoperative") OR "postoperative pain" OR ("postoperative" AND "pain")).
The bibliographies and all potentially relevant articles were then retrieved through the consensus of both authors. Their reference lists were cross-referenced to identify additional relevant articles. Study titles, abstracts, and full texts were analyzed for the study design, and they were stratified into groups of case reports, retrospective studies, observational studies, and randomized trials. Copies of these full articles were obtained and reviewed independently by the same authors.
Data Extraction and Management
Two authors (Y.C.C. and S.S.Q.) independently extracted data concerning the details of patient characteristics, study methods, interventions, and outcomes using a standardized data extraction method. The data extraction method was developed by one author and was checked by the other. Missing data were sought by contacting the authors of the primary studies when necessary. Two authors (Y.C.C. and S.S.Q.) recorded all the data.
Assessment of Risk of Bias in the Included Studies
Two authors (Y.C.C. and S.S.Q.) independently assessed the methodological quality of the considered studies, assessing their risk of bias regarding allocation concealment, method of randomization, blinding of participants and health-care personnel, incomplete outcome data, and selective outcome reporting. The assessment was based on the recommendations in the Cochrane Handbook, version 5.1.0. Any discrepancies were resolved by discussion among all authors.
Data Synthesis
The treatment effect on pain score was assessed using the mean differences with its 95% confidence interval (CI). Pooled estimates of effect on pain were computed under a fixed effects model for the pain score on each postoperative day. Statistical analyses were conducted with the Review Manager (RevMan) software, version 5.2 (Cochrane collaboration, Oxford, United Kingdom).
Assessment of Heterogeneity
Statistical heterogeneity between trials was evaluated using the I 2 statistic and Q statistic (w 2 test) for heterogeneity. The significance level of the w 2 test was set at 0.10. To explore potential sources of clinical heterogeneity, we estimated the effect on pain of irrigating a solution of bupivacaine with or without ketorolac separately.
Sensitivity Analysis
To assess the robustness of the results, 2 sensitivity analyses were performed: (1) applying a random effects method and (2) excluding studies with high or unclear risk of bias. If the results did not change significantly after excluding the low-quality studies, then they were considered to be robust. Publication bias could not be explored either statistically or through inspection of funnel plots, due to the very small number of included trials in the review, for each comparison. 18 
Results
Our search strategy yielded 194 articles. The full text was reviewed for 38 articles and 4 RCTs, which included a total of 264 patients in the analysis. [19] [20] [21] [22] Figure 1 shows an overview of the literature search according to the PRISMA statement.
Three trials were excluded from the present meta-analysis due to their discrepancy with those included in the type of administration and control group. The study of Pacik 2004 7 was excluded not because of the use of a catheter but because the solution administered to the patients was unlimited, whereas in the study of Kazmier et al, 22 the reservoirs were filled preoperatively with a predetermined volume of 200 cc. 
Study Characteristics and Quality Assessment
Study characteristics are summarized in Table 1 . Table 2 presents the results of the assessment of the risk of bias in the included studies according to the Cochrane Handbook, version 5.0.2. All the studies included were randomized and had adequate sequence generation and allocation concealment except one, 22 where a surgical technician allocated patients to the intervention groups without using any randomization system. Incomplete outcome data were found in 2 studies. The total number of participants included in the trial of Kazmier et al 22 was 20 (5 of 25 patients included did not return the questionnaire), 94 of 100 in the study of Mahabir et al 20 (6 of the 100 patients did not respond to the questionnaire; 3 from bupivacaine plus ketorolac group and 3 from normal saline irrigation group), and 50 in the trial of McCarthy et al. 21 The study of Mahabir et al (2008) originally had 50 patients distributed into 2 groups, normal saline irrigation and bupivacaine plus ketorolac irrigation. However, when the authors were requested to send more detailed information regarding their study, they added 2 more groups of 25 patients in each group, which were not included in the publication. Data were provided from both the bupivacaine and ketorolac groups.
Outcomes Assessed
The efficacy for bupivacaine alone and bupivacaine plus ketorolac solution was analyzed independently (Figures 2 and 3 ). Figure 2 presents the results of pooled analysis for bupivacaine plus ketorolac versus placebo or no treatment. The result favored bupivacaine plus ketorolac over the placebo or no treatment group for pain relief during the first postoperative hour, with statistical differences of MD ¼ À2.39 and 95% CI ¼ À3.23 to À1.54, and similar results were yielded for postoperative day 5 (MD ¼ À0.63; 95% CI ¼ À1.24 to À0.02).
Bupivacaine Plus Ketorolac Versus Placebo

Bupivacaine Versus Placebo
In Figure 3 , the results for bupivacaine versus placebo yielded statistically significant differences for postoperative day 3 (MD ¼ À0.68; 95% CI ¼ À1.31 to À0.05) and postoperative day 4 (MD ¼ À0.82; 95% CI ¼À1.48 to À0.16).
Discussion
This study revealed 2 important findings. First, irrigation in the retropectoral pocket with bupivacaine plus ketorolac is related to a mean reduction of 2.39 points in the VAS during the first immediate hour after breast augmentation, whereas irrigation with bupivacaine alone did not show a beneficial effect. Second, the effect on the pain of irrigating with a bupivacaine solution (either alone or plus ketorolac) was significant during the first 5 postoperative days, although the effect on the clinical significance remained unclear. Due to the small number of included trials, the evidence obtained in the current study may not be strong enough. However, according to the available studies regarding this issue, the former might provide the most solid evidence to date. The results of the bibliographical search conducted in this review highlighted the scarcity of studies with strong evidence on the management of postoperative pain using irrigation in patients undergoing augmentation mammoplasty. Although many studies related to postoperative pain control in breast augmentation were performed, most of them were done on a large series of patients, 10, 11 or bupivacaine placement was not performed by a single irrigation, or with more sophisticated devices, such as DepoFoam bupivacaine. 15, 23 In order to limit our study, we included only those RCTs that studied the role of the irrigation of bupivacaine with or without analgesic in the control of postoperative pain in breast augmentation measured by VAS.
Another limitation of the review is the subjective nature of the perception of pain and the need for complementary data on other parameters of pain assessment such as the amount of narcotics required. Visual analog scale is, among validated pain scores, one of the most widely used response scale either in clinical practice or in therapeutic trials. In order to determine whether a pain decrease in the VAS had clinical correlation, Grilo et al 24 conducted a meaningful study. In 50 patients, they found that VAS score changes correlated linearly with clinical pain relief. A 20-mm decrease was the minimum value to have some impact on clinical symptoms.
According to the results obtained in the present study, significant pain reduction was achieved only for the first postoperative hour and for postoperative day 5 with placing bupivacaine in addition to ketorolac irrigation at the retropectoral pocket. With bupivacaine alone, this reduction was found for postoperative days 3 and 4. These results were similar to those obtained by the 2 trials of Mahabir et al 19, 20 and the study by McCarthy et al. 21 However, in the latter, a higher requirement of oral narcotic use was found in the first postoperative days in addition with a significant improvement of VAS score. The use of narcotic was only included in this trial and thus comparison with the other trials could not be performed. Other authors found that when using bupivacaine irrigation at the surgical bed either after laparoscopic cholecystectomy or after cesarean delivery, 25, 26 narcotic requirement decreased in the group of bupivacaine irrigation in spite of the absence of significant results in pain relief achieved by irrigation. The difference in time interval used by these authors may probably influence the narcotic used, since in the Mahabir study the pain was measured at the first 48 hours after surgery, whereas in the McCarthy trial, the study was prolonged until postoperative day 6. Similar results were obtained using intraoperative irrigation of the diaphragm with bupivacaine for a management of shoulder tip pain following laparoscopy. 27 They obtained significant results for the time interval between 4 and 24 hours postoperatively in comparison with irrigation with normal saline. In addition, the requirement of postoperative analgesics was also reduced in the treatment group. Although clinical pain relief was achieved in all the aforementioned time intervals, the largest change was observed during the first postoperative hour. The addition of ketorolac to bupivacaine may be partially responsible because of its strong and remarkable antiinflammatory effect. 28 Additionally, its topical administration avoided its systemic side effect, making this route of administration a most suitable choice.
Augmentation mammoplasty is a common surgical procedure in our field. Implant placements are mainly done through 3 different incisions: inframammary fold, periareolar, and transaxillary approaches. Whichever incision location is chosen, access to the breast must be sufficient to allow accurate dissection of the pocket for the easy insertion of the implant and for precise hemostasis. Each approach presents both advantages and disadvantages, and several reports were conducted in order to determine the differences in scar visibility, 29 the incidence of capsule contracture, 30 nipple-areola complex sensitivity, 31, 32 and the occurrence of hematoma. 1 Roughly, 90% of breast augmentation was done through the inframammary approach. In all the patients included in the present study, retropectoral plane was chosen for implant placement. Adding the size of implants would have provided more information to the present study, but it was not available in every included trial. The site of incision might not be an essential factor determining postoperative pain since very few studies showed its impact. However, the influence of other variables on pain such as the plane of implant placement, the extension of pocket dissection, and the size of breast implants have been extensively described. 33 Moreover, during preoperative planning, factors taken into account for the scar choice did not address postoperative pain but patient preference, physical examination, and surgeon comfort while performing the procedure.
This study summarized the results of independent trials regarding the role of bupivacaine (with or without analgesic) irrigation into the pocket for postoperative pain control in augmentation mammoplasty. To the best of our knowledge, there was no similar study that has ever been performed on this topic, and the evidence provided in this review is the best available to date. Due to a scarce number of RCTs on this issue, only 4 trials met the inclusion criteria. Further well-designed RCTs including the requirement of postoperative narcotics in both irrigation and placebo groups are needed since a reduction of their intake would reduce the side effects produced by the former trials.
Local irrigation of bupivacaine with or without ketorolac was associated with reduced postoperative pain after augmentation mammoplasty for the first 5 postoperative days. Due to the limited number of trials included in the current study, the strength of the results should be correlated with clinical pain relief. The use of irrigation with local anesthetic might alleviate postoperative pain, but further studies are warranted to investigate the effect of bupivacaine irrigation in decreasing the need of additional analgesics rather than its use as a treatment alone.
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